Ovulation rate was measured by laparoscopy at two consecutive cycles on 366 ewes 2 yr old and over and 85 yearling ewes of five lines of Targhees from the base base population; 53 yearling Iinecross ewes were also included. The lines were two unselected controls (He1 and De), two selected for 21 yr for increased 120-d weight (HW and DH) and one selected for 19 yr for multiple births (T). Ewes were synchronized in late July or early August at the start of the normal breeding season with intravaginal pessaries impregnated with 60 mg methylacetoxyprogesterone and examined at first and second estrus. Ovulation had occurred in both cycles in 327 (89%) and 177 (85%) of the mature and yearling ewes, respectively. Overall mean numbers of corpora lutea at first and second estrus were 1.42 and 1.63, respectively for ewes 2 yr and over and 1.20 and 1.44 for yearlings, indicating an effect of synchronizing treatment, season, flushing, or a combination of these. Among mature ewes, ovulation rate was higher (P<.05) in DH (+.20), HW (+.19) and T (+.16) than in controls at first estrus, and in HW (+.29) and T (+.21) but not DH (--.04) at second estrus. :Among yearlings, differences were significant only at second estrus (HW, +.40; T, +.35) and again not for DH (+.08). The failure of line DH to increase in ovulation rate from first to second estrus :as did other lines was transmitted to lineeross progeny. Body weight within line affected ovulation rate significantly, with a greater effect at second estrus, in both age groups. Adjustment for body weight removed the difference between HW and controls but not between T and controls. Repeatability of corpora lutea count was .27 and .25 for mature and yearling ewes, respectively.
Introduction
Litter size, or number of lambs per pregnancy, is an important component of ewe productivity and can influence greatly the economic efficiency of meat production from sheep. It is well known that breeds differ widely with respect to their potential litter size, and crossbreeding strategies have been employed in many countries to improve the prolificacy of breeds which have a low reproduction rate. It is also clear from studies within a number of breeds that the trait responds slowly to genetic selection (Hanrahan, 1982; Bradford, 1985) and is subject to large variations due to effects such as age, season, nutrition and live weight (Land et al., 1969; Turner, 1969; Cockrem, 1979; Gunn, 1983) .
Ovulation rate, or number of eggs shed, imposes an upper limit to litter size. It is now possible, by using the technique of laparoscopy, to obtain repeated measurements of this parameter on large numbers of sheep without detriment to their reproductive performance. The advantages of, and rationale behind, using ovulation rate rather than litter size as the selection criterion for improving reproduction rate have been discussed by Hanrahan (1974 Hanrahan ( , 1980 Hanrahan ( , 1982 . Studies on genetic variation in ovulation rate in sheep, however, have focused mainly on differences among breeds and crosses and comparatively little attention has been given to withinbreed variation in this trait. The present study was undertaken to evaluate the effects of selec-
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JOURNAL OF ANIMAL SCIENCE, Vol. 61, No. 6, 1985 tion for litter size and for 120-d weight on ovulation rate in Targhee sheep, to estimate effects of age and body weight on this trait and to estimate its repeatability.
Materials and Methods
Exp. 1. The 366 animals used in this experiment were 2.5-to 9.5-yr-old (mainly 2.5 to 5.5 yr), and were maintained at the University of California's Field Station at Hopland (39~ 123~ They were grazed on an annual grassland range, and the dry-feed season during the year in which the study began (1981) extended from late May until early October. The ewes were grade Targhees and represented the following genetic stocks which had been developed at the University of California since 1959: 1) Weight Selected Stocks. These consisted of two lines under selection for increased 120-d weight. In the Hopland Weight line (HW) the animals were maintained throughout their lifetime under range conditions at the Hopland station, and the male and reale flock replacements were selected from within the line, which was closed in 1961.
In the Davis-Hopland (DH) line the ewes were also kept at Hopland and managed similarly to the HW line in all respects with the exception that the male replacements were obtained from another flock. This flock, also under selection for increased 120-d weight, was kept under more advantageous conditions of feeding and management at the University farm at Davis. 2) High Multiple Birth Strain. This line, hereafter referred to as the twin or "T" line, was initiated in 1963 with the assembly of the best 20%, on the basis of lifetime number of Iambs born, of a group of several hundred ewes of the weight-selected and control lines and other groups of similar breeding in the Hopland flock. Rams for the line were selected on the basis of their dam's lifetime litter size; after the initial screening there was little selection of ewes.
3) Unselected Control Stocks. These consisted of two lines of randomly bred control animals which have been designated HCI and DC. An account of the foundation and management of these lines and information on the responses obtained have been given elsewhere (Osman and Bradford, 1965; Bradford et al., 1981 , Lasslo et al., 1985a . All five lines were derived from the same base population. Line DC was maintained at Davis until 1977 and transferred to Hopland at that time.
The ewes were assembled into a single flock in early June, divided at random into two groups on July 20 and treated with progestagenimpregnated intravaginal sponges for 14 d beginning on July 20 or 27. On the day of sponge insertion, ewes in each group were removed from the range, weighed, placed in a dry lot and flushed by providing a daily allowance of approximately 2 kg per head of alfalfa cubes. This feeding regimen extended for a period of 6 wk and the ewes were weighed at 2-wk intervals to monitor live weight change. Ovulation rate at the first and second ovarian cycles following withdrawal of the sponges was determined by laparoscopy during the periods 8 to 10 and 23 to 25 d post-sponge removal. Rams were not joined to detect the expected estrus immediately after the sponges were removed; the ewes were, however, mated to rams of their own line as they came in estrus 17 to 21 d following sponge removal. Briskets of the rams were painted, and mating marks were recorded twice daily. Vasectomized rams were used to check groups where there was doubt as to whether the assigned ram was marking all ewes in estrus. The procedure resulted in detection of estrus during the 5-d period in 97% of the ewes which had ovulated (as detected by laparoscopy) following synchronization treatment.
Exp. 2. The 138 ewes in this experiment were 1.5 yr old and represented not only the HW, DH, T and control lines, as in Exp. 1, but also the reciprocal crosses between HW and DH, DH and T and the single cross between DC males and HC1 females. The experimental protocol was the same as in Exp. 1 with the exception that the flushing and estrus synchronization treatments commenced on August 10, and the ewes were flock-mated in two groups to five Finn-Dorset and five Finn-Rambouillet rams respectively.
Statistical Analyses. The data from each experiment were analyzed using least-squares procedures (Harvey, 1977) and models which included lines, linecrosses and ages of ewe as main effects where appropriate. Preliminary analyses with line and age as main effects provided no evidence for line x age group interactions with respect to the dependent variables in Exp. 1, so this factor was omitted in the final models used; similarly, performance did not vary significantly among age classes after 3 yr and the ewes aged 4 yr or older were combined into a single class in the final analyses.
Line and age group differences were analyzed with and without body weight as a covariate in order to estimate the proportion of line and age effects explained by body weight.
R esu Its
Exp. 1. There was no evidence of any corpora lutea (CL) in the ovaries of 39 ewes (10.7%) at the time of first laparoscopy 8 to 10 d after sponge removal. The frequency of such ewes did not vary significantly among the lines and was similar for the groups treated with vaginal sponges beginning July 20 and 27. There was, however, a significantly higher incidence of ovulation failure in 2-yr-old ewes (16.8%) compared with the two older age groups (table 1). All ewes that failed to ovulate following sponge removal have been omitted from the main body of the results to permit comparison of ovulation rates at first and second estrus on the same ewes. Based on the distribution of ewes which failed to ovulate by line and age, their omission should not bias the line comparisons, but might contribute to a slight underestimate of the true effect of ewe age on ovulation rate.
The least-squares line and age group means and error standard deviations for ewe live weight, together with the number of animals involved, are given in table 1. Body weight increased progressively during the flushing period in all lines and age groups. The control lines HC1 and DC were similar in live weight, as were the two weight-selected lines DH and HW. Both weight-selected lines were heavier than the controls (P<.001). The T line was intermediate in live weight and differed significantly from both the control and weight-selected lines.
The associations between ovulation rate and each of the measures of body weight, and combinations thereof, were examined. Combinations of any two or of all three weights accounted for very little more variation in ovulation rate than did any of the weights separately. Although each of the body weight measurements was similarly correlated with both measures of ovulation rate, the relationships were generally closer in the case of the weight taken at the time of sponge removal. The results of the analysis of line and age effects, with weight as a covariate, are given in table 2. There was a positive and significant association between ovulation rate and weight, with within-line and age correlation coefficients of .30 and .38 for first and second cycles. The regression coeffi- Ducker and Boyd (1977) showed that ovulation rate was influenced by condition but not by body size. The least-squares line and age group means for ovulation rate, both with and without adjustment for live weight at sponge removal, are given in table 3. Selected contrasts for ovulation rate and live weight at sponge removal are presented in table 4.
Ovulation rate at the first cycle was higher (P<.05) in the weight-selected and T lines than in the control lines, which did not differ significantly from each other. Differences among the DH, HW and T lines in this cycle were not significant. After adjustment for body weight, the ovulation rate at the first laparoscopy did not differ significantly among the lines.
Ovulation rate increased between the first and second ovarian cycles in all lines, with the aAs evidenced by the presence of one or more corpora lutea in their ovaries at laparoscopy 8 to 10 d after sponge removal and again at the next cycle.
bReciprocal crosses combined. notable exception on the DH line. When the DH line was omitted from consideration, the ranking of the lines with respect to the observed and weight-adjusted values for ovulation rate was the same for the first and second ovarian cycles.
Age was a significant source of variation in ovulation rate at the first cycle, even following adjustment for body weight (tables 2 and 3). This factor, however, did not account for any significant variation in ovulation rate at the second cycle once body weight had been taken into account. The pooled within-line and age group correlation coefficient between the consecutive measures of ovulation rate, i.e., the repeatability, was .27 (P<.01). Correction for live weight at sponge removal reduced this value to .17, but the repeatability remained highly significant.
Exp. 2.
Twenty-one ewes, 15.2% of the total number treated, had not ovulated at the time of the first ovarian inspection after sponge removal, The results of the analyses of group differences in the regression of ovulation rate on body weight at the time of sponge removal are also given in table 7. The association between ovulation rate at both cycles and ewe live weight was positive and homogeneous among the lines and linecrosses. The pooled correlation coefficients were .17 and .31, and the regression coefficients were .012 -+ .0065 and .031 + .0087 CL/kg for ovulation rate at the first and second cycles, respectively.
Differences among the lines in ovulation rate at the first cycle were not significant, but were significant at the second cycle, with or without adjustment for body weight. The main source of this variation was the higher mean ovulation rate of the HW and T lines compared with the controls. This was due to a dramatic increase (>30%) in ovulation rate between the first and second cycles in the HW and T lines The increase was somewhat smaller in the HC1 line and almost negligible in the remaining lines and crosses. The pooled within-line correlation coefficients for the two measures of ovulation rate, with and without adjustment for body weight, were .25 and .29, respectively (P<.01).
An evaluation of selected contrasts is presented in table 8. The ovulation rate of the cross between the two weight-selected lines was lower than the average of the parent lines. The difference was greatest at the second cycle when account was taken of variation in live weight (P<.10). There was no evidence for heterosis in ovulation rate in the crosses between the DH and T lines.
Discussion
The failure of 10 to 15% of the ewes to ovulate immediately following termination of the progestagen treatment in August indicates that the breeding season had not fully commenced at that time. This is in agreement with the observation by Mallampati et al. (1971) that cyclicity did not commence in 100% of Targhee ewes in Wisconsin until the month of September. The transition from the anestrum to the breeding season can occur up to 7 wk later for ewe lambs than for adult ewes (Foster and Ryan, 1979) . The higher incidence of ovulation failure, following progestagen priming, in yearlings and 2-yr-olds compared with older ewes in the present work indicates that age continues to exert an effect on the timing of initiation of cyclicity beyond the ewe lamb stage. In Exp. 1, which contained the most extensive data set, ovulation rate increased in all lines, with the exception of the DH line, by between 15 and 21% from the first to the second ovarian examination. The first estrus was immediately following progestagen treatment, and rams were introduced prior to the second estrus; these two factors cannot be ruled out as contributors to the increase. However, we believe the increase was due primarily to the influence of seasonal factors and to the dynamic effect of changes in ewe body weight (flushing), both of which have been shown to affect ovulation rate in studies with range ewes in the Western United States (Hulet and Foote, 1967; Hulet et al., 1974a,b) . The failure of the ewes in the DH line to increase their ovulation rate in response to these stimuli was particularly striking. The response of the yearling ewes in the DH line and of the reciprocal crosses between the DH and HW and the DH and T lines in Exp. 2 was also remarkable in that the ovulation rate of these three groups increased marginally if at all, compared with 34 and 42% increases for the HW and T lines, respectively. This apparent inability of DH line ewes to express an increase in ovulation rate in response to flushing and(or) seasonal effects warrants further investigation. If it can be confirmed, animals of this line should provide suitable comparative material for indepth studies into the physiological basis of these effects on ovulation rate. The regressions of the first measure of ovulation rate on ewe light weight in the adult (Exp. 1) and yearling (Exp. 2) ewes, .024 and .012, respectively, were similar to the withinflock regression (.016) reported by Kelly and Johnstone (1982) in their survey of commercial flocks in New Zealand. It is, however, interesting to note that in the present work the regressions for the second measure of ovulation rate on ewe live weight were considerably steeper and almost identical for the two experiments (.034 and .031). This indicates a greater stimulatory effect of flushing on ovulation rate with the advance of time during the early stages of the breeding season. Both measures of ovulation rate in this study were made early in the breeding season, and the relatively large effect of body weight is consistent with the evidence for seasonal variation in the ovulatory responsiveness of ewes to flushing that has been presented by Hulet et al. (1974a) . It would ap-pear from their results that ewes are most responsive towards the beginning and end of the sexual season, and that differences in nutrition have little impact on ovulation rate when the seasonal stimulus is at its peak. On the basis of the results of Exp. 1 in the present work, it would appear that age also may exert an effect on ovulation rate, independent of live weight, which is subject to similar seasonal variation.
Substantial responses to selection for increased 120-d weight in the DH and HW lines have been reported by Lasslo et al. (1985a) . This was reflected in the live weight of mature ewes in the present work to the extent that the DH and HW lines were between 12 and 15% heavier than the average of the two controt lines (Exp. 1). The response to selection for 120-d weight has also been accompanied by a correlated response in ovulation rate, which is hardly surprising in view of the well-documented phenotypic association between these two traits. The nature of the correlated responses, however, appears different in the two weight-selected lines. The observed ovulation rate at the first ovarian examination in both the DH and HW lines exceeded the controls by similar margins, and adjustment for variation in live weight accounted for almost all of the differences among lines. Although this was true of the HW line for the second ovulation rate measurement also, the observed and weight-adjusted values for the DH line were significantly lower at this second cycle than for the HW and control lines. The similarity of the weight-selected lines to each other and to the control lines with respect to litter size (Lasslo et al., 1985b ) is surprising in view of the differences in ovulation rate observed in the present study. However, examination of the mean litter sizes by year suggests that lines HW and DH began to diverge in litter size from each other and from the control lines in 1979, i.e., the HW-DH difference occurred only after about 18 yr of selection.
The selection pressure on litter size exerted at the time of foundation of the T line produced a response of .15 lambs per ewe, and this was not evidently improved upon by 15 yr of subsequent selection (Bradford et al., 1981) . The present results provide clear evidence for cor 2 related responses to selection for twinning in terms of ewe body weight at maturity and ovulation rate. The increase in live weight of mature ewes was of the order of 5% but this was sufficient to account for approximately 35%of the gain in ovulation rate. The absence of a significant difference in body weight between the T and control lines at the yearling stage (Exp. 2) may be due to the persistence of a birth and rearing handicap, which would be more manifest in the T line because a larger proportion of the females were born as multiples.
A similar increase in ovulation rate butwith quite different body weights in lineS selected for growth rate or for litter size, as found here for the HW and T ewes, has also been reported for lines of mice selected for these two traits from a common base population. In the mouse lines the physiological basis of the increased ovulation rate was quite different in the two lines (Spearow and Bradford, 1983) , and it would be of interest to know if this is the case in lines HW and T.
The estimates of repeatability of ovulation rate are at the lower end of the range of those published values that are based on reasonably large data sets (Hulet and Foote, 1967; Bindon and Piper, 1'980; Lever and Allison, 1980; Hanrahan and Quirke, 1985) . The highest estimates, however, are almost invariably associated with the more prolific breed types, such as the Finnish Landrace and Booroola Merino, and the relative magnitude of the values in these breeds may be the result of the greater variation. Furthermore, it is now known (Piper and Bindon, 1981 ) that the high ovulation rate of Booroola Merino ewes is due to the action of a single gene for high ovulation rate segregating in this strain, which may also contribute to the high repeatability of the trait. The estimates for breeds whose genetic potential for ovulation rate more elosely resemble the animals used in the present study ranged from .27 for the Galway (Hanrahan and Quirke, 1985) to .38 for a mixed group of mature ewes of the Rambouitlet, Targhee and Columbia breeds (Hulet and Foote, 1967) . It would appear from these repeatability estimates that ovulation rate may be a trait of moderate heritability in sheep and hence more sensitive to selection that litter size, which is known to have a low heritability and to respond slowly to selection (Bradford, 1985) . Published information on the heritability of ovulation rate and of the impact of selection on this trait is rather limited. Hanrahan and Quirke (1985) reported heritability estimates of .50 + .09 and .32 + .16 for the Finnish Landrace and Galway breeds respectively. These compare with estimates of .05 + .07 and .16 + .07 for 18-mo-old Merino ewes . The Finnish Landrace is the only breed in which the effects of selection on ovulation rate have been assessed (Hanrahan and Quirke, 1982) ; a substantial shift in ovulation rate was obtained and the realized heritability was estimated to be .50 + .07. In addition to its higher heritability, compared with litter size, ovulation rate as a selection criterion in programs to increase litter size also offers the advantages of repeated measurements in a single season and at a young age, which could enhance the rate of genetic improvement. Also, the correlation between ovulation rate and litter size is high, and the regression is almost linear at ovulation rates up to four (Hanrahan, 1982) . However, Bradford (1985) has drawn attention to the failure of selection for ovulation rate in mice and pigs to result in a correlated response in litter size, and concluded that selection for ovulation rate alone could result in an undesirable increase in variability in litter size.
